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Materials and characterization methods
Solvents were dried by standard methods or by elution using a PureSolv Innovative Technology drying system. All reagents were commercially available and used without further purification unless otherwise indicated.
Nuclear magnetic resonance (NMR) spectra were recorded with a BRUKER AVANCE III HD (frequencies of 400 and 101 MHz for 1 H and 13 C, respectively). The HR-MS analysis was carried out by using an Agilent 1200 Series LC system (equipped with a binary pump, an auto sampler, and a column oven) coupled to a 6520 quadrupole-time of flight (QTOF) mass spectrometer. Acetonitrile: water (75:25, v:v) was used as mobile phase at 0.2 mL min -1 . The ionization source was an ESI interface working in the positive-ion mode. The electrospray voltage was set at 4.5 kV, the fragmentor voltage at 150 V and the drying gas temperature at 300 °C. Nitrogen (99.5% purity) was used as nebulizer (207 kPa) and drying gas (6 L min −1 ). Mass spectrometer was operated in electronic impact (EI) hp MASS SELECTIVE DETECTOR 5973 -(SIS) DIRECT INSERTIVE PROBE.
Infrared (IR) spectra were recorded on an appliance type PerkinElmer Spectrum One with a Fourier
Transformer. Specific rotation of the optically active samples was determined on a JASCO P-2000
Polarimeter using sodium lamp (589 nm). Acquisition Gas Chromatographic (CG) was done using KONIK HRGC 5000B and a CP-CHIRASIL-DEX CB varian capillary column (25 m, 0.25 mm, 0.25 µm).
Conditions were 100 ⁰C 5 min, 2 ⁰C/min to 130 ⁰C isotherm 30 min.
Synthesis of BINOLs : General method
To a flame dried 100 mL round-bottom flask charged with (R)-BINOL (2.0 g, 6.99 mmol, 1.0 eq.), 1-adamantanol (2.0, 3.0, 4.0 eq. respectively) and DCE (50 mL) was added dropwise sulfuric acid (1.38 mL, 27.9 mmol, 4.0 eq.) over the reaction mixed cooled to 0 ⁰C. It was stirred at room temperature for 72 h and was monitored by TLC using Hep/AcOEt (4:1) as eluyent. To neutralize and quench the reaction NaOH (5%) was added. The aqueous layer was washed with DCM twice.
Then the combined organic layer was washed with water, brine and dried over MgSO 4 . The solid was purified by silica gel column chromatography eluting with Hep/AcOEt (5:1). 131.71, 131.47, 129.61, 125.73, 124.23, 123.55, 117.60, 110.85, 43.24, 36.96, 36.23, 29.08 3533, 3065, 2902, 2847, 1596, 1504, 1473, 1449, 1354, 1315, 1220, 1151, 977, 940, 881, 813, 685, 564, 502 64, 152.30, 147.04, 146.89, 138.63, 131.83, 131.55, 130.02, 129.74, 129.71, 129.35, 127.84, 125.79, 124.94, 124.14, 123.58, 123.52, 117.54, 111.41, 111.09, 43.34, 43.29, 40.84, 37.76, 37.29, 37.01, 36.99, 36.26, 29.23, 29.13, 29.11 . MS (EI): m/z = 688.6.
FT-IR ν (KBr, cm -1
): 3524, 2903, 2847, 1596, 1503, 1450, 1354, 1315, 1215, 11.73, 1133, 1102, 977, 899, 882, 812 . 2847, 2655, 1598, 1501, 1450, 1354, 1315, 1259, 1213, 1175, 1133, 1100, 1061, 977, 899, 807, 623 . 42, 146.83, 131.59, 131.44, 129.49, 126.48, 124.16, 123.62, 117.69, 110.82, 34.75, 31.39 ): 3534, 3065, 2961, 2903, 2868, 1624, 1597, 1504, 1472, 1384, 1363, 1312, 1284, 1261, 1220, 1177, 1155, 943, 885, 826, 812, 748, 689, 562 . 89, 146.62, 138.80, 138.61, 130.93, 129.99, 125.92, 124.18, 124.03, 112.18, 112.15, 45.74, 41.03, 39.15, 38.03, 37.97, 37.94, 37.53, 36.43, 34.69, 31.51, 31.48, 29.63, 28.76 ): 3503, 3066, 2961, 2904, 2848, 2655, 1715, 1598, 1501, 1453, 1438, 1389, 1362, 1316, 1263, 1214, 1177, 1135, 1102, 1057, 952, 901, 823, 632 . 
Catalytic addition of Et 2 Zn to aldehydes
The reaction was carried out inside to dry box. Example for (R)-3,3',6,6'-Tetra(1-adamanyl)-1,1'-binaphthalene-2,2'-diol (6.58 mg, 8.0 µmol, 1.0 eq.) was dissolved in dry toluene (1 mL), Ti(OiPr) 4
(24 µL, 81 µmol, 10.12 eq.) was added and it was stirring during 1 hour. Then, Et 2 Zn (177 µL, 1 M in DCM, 22.12 eq.) was added to the mixture during 15 minutes. Finally, benzaldehyde (6.0 µL, 59
µmol, 7.37 eq.) was incorporated to the reaction medium. Dodecane (6.8 µL, 30 µmol, 3.68 eq.) was used like an internal reference. After 24 h it was hydrolyzed with water and analyzed by Gas Chromatography. 
